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It is well known that the ventrolateral medulla contains neurons involved in the tonic and reflex control of the cardiovascular
system. Two regions within the ventrolateral medulla were initially identified: the rostral ventrolateral medulla (RVLM) and the
caudal ventrolateral medulla (CVLM). Activation of the RVLM raises arterial blood pressure and sympathetic nerve activity, and
activation of the CVLM causes opposite effects. The RVLM premotor neurons project directly to sympathetic preganglionic
neurons and are involved in the maintenance of resting sympathetic vasomotor tone. A significant proportion of tonic activity in
the RVLM sympathetic premotor neurons is driven by neurons located in a third region of the ventrolateral medulla denominated
caudal pressor area (CPA). The CPA is a pressor region located at the extreme caudal part of the ventrolateral medulla that
appears to have an important role controlling the activity of RVLM neurons. In this brief review, we will address the importance
of the ventrolateral medulla neurons for the generation of resting sympathetic tone related to arterial blood pressure control
focusing on two regions, the RVLM and the CPA.
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Introduction
Sympathetic vasomotor outflow is composed of effer-
ent pathways that control vascular tone (vascular periph-
eral resistance) and cardiac output (contractility and heart
rate), playing an essential role in maintaining the con-
stancy of blood pressure and bodily homeostasis. The
motor outflow of the sympathetic nervous system origi-
nates predominantly from the intermediolateral cell col-
umn in preganglionic neurons that are topographically
organized in the spinal cord; they are the last neuronal link
for the peripheral activation of sympathetic post-ganglionic
neurons and adrenal medulla cells. An interesting charac-
teristic of the barosensitive vasomotor sympathetic fibers
is that they have tonic activity (sympathetic tone). This
tonic activity of sympathetic fibers is probably restricted to
sympathetic neurons involved with cardiovascular func-
tions (vasoconstriction and cardioaccelerator) (1).
Sympathetic vasomotor tone and arterial pressure de-
pend critically on the tonic activity of a restricted group of
spinal projecting neurons, the sympathetic premotor neu-
rons. Direct projections to the intermediolateral column
originate predominantly from at least five areas of the
brain: a) rostral ventrolateral medulla (RVLM), b) rostral
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ventromedial medulla, c) caudal raphe nuclei, d) A5 cell
group in the pons, and e) paraventricular nucleus of the
hypothalamus (PVN) (2). Of these five nuclei, the PVN and
the RVLM appear to have a tonic effect on the control of
sympathetic vasomotor tone and are topographically orga-
nized (2-5).
In this brief review, we address the question of the
importance of ventrolateral medulla neurons in the genera-
tion of the sympathetic vasomotor tone focusing on two
regions, the RVLM and the caudal pressor area (CPA).
The CPA is a pressor region located at the extreme caudal
part of the caudal ventrolateral medulla (CVLM), which
appears to have an important role in directly or indirectly
controlling the activity of RVLM neurons.
Rostral ventrolateral medulla
The RVLM receives input from a number of different
nuclei in the brain and also sends projections to many
other regions involved in cardiovascular, respiratory and
hormonal control. Reciprocal innervations between the
RVLM and other brain nuclei strongly suggest that the
RVLM is not only an important region involved in maintain-
ing tonic sympathetic vasomotor tone, but it is also an
integrative center controlling cardiovascular functions, pro-
cessing information from peripheral nerves (baroreceptor,
chemoreceptor and somatosympathetic reflexes) and from
other brain nuclei. After processing information, the RVLM
affects the sympathetic outflow and the release of specific
hormones adjusting the cardiovascular system during be-
havioral states such as exercise, sleep and defense reac-
tion. The RVLM premotor neurons can selectively control
the sympathetic outflow to individual tissues and this fea-
ture is probably important for the central organization of
specific autonomic responses (4,6).
The RVLM neurons have been studied extensively using
different approaches. First, they were identified by topical
application of drugs (glycine and leptazol) on the ventral
surface of the brainstem in cats. When applied to the rostral
part of the ventrolateral medulla, glycine caused a large fall
in blood pressure, in the region denominated as the glycine-
sensitive area, which is another denomination for the RVLM
(7). In contrast, stimulation of these neurons by leptazol
caused an increase in blood pressure (8). Subsequently, the
anatomical location of the RVLM was defined first in the
rabbit (9) and subsequently in the rat and cat (10,11). A more
precise localization of the RVLM neurons was obtained by
microinjecting amino acids (glutamate and gamma-amino-
butyric acid (GABA)) directly into the ventrolateral medulla
parenchyma. The cardiovascular neurons were then located
ventral to the rostral part of the nucleus ambiguous and
caudal to the end pole of the facial nucleus.
RVLM neurons have been studied and characterized
using extracellular microelectrode recording (12-15) and
intracellular microelectrodes (16). However, despite the
large number of studies on the RVLM premotor neurons
and their recognized importance for the control of the
sympathetic vasomotor tone, the basis for the ongoing
tonic activity of these neurons is not yet fully understood.
There are two major hypotheses regarding the activity of
the RVLM neurons: one is that the RVLM presympathetic
neurons have pacemaker activity (17) and the other is the
“network hypothesis”, which suggests that these neurons
are driven by others in the brainstem (18).
The “pacemaker hypothesis” proposed by Guyenet
(17) was based on studies using intracellular recording of
the RVLM in medullary slices and states that the ongoing
activity of the basal RVLM is determined by intrinsic auto-
depolarization of the premotor neuron. According to this
hypothesis, synaptic inputs are only a modulator factor on
the intrinsic activity generated by the presympathetic RVLM
neurons. However, apparently the pacemaker pattern has
been demonstrated only in in vitro preparations. In in vivo
conditions, the pacemaker pattern has yet to be demon-
strated.
Under specific experimental conditions in vivo, fast
excitatory synaptic inputs appear to drive the RVLM spik-
ing activity. The ongoing activity of the RVLM neurons
resulted from synaptic inputs, with individual action poten-
tial usually preceded by identifiable fast excitatory synaptic
inputs (16). At least under these experimental conditions,
no pacemaker activity was found in the RVLM. This finding
is consistent with the “network hypothesis” for the genera-
tion of sympathetic vasomotor tone proposed by Barman
and Gebber (18). This hypothesis states that the activity of
premotor neurons, in vivo, depends on excitatory inputs
from other brainstem nuclei acting as part of an oscillating
network. However, the components of this network are not
completely understood and a question that remains to be
answered is: Where is the source or sources of the synap-
tic drive to the RVLM?
There is a large body of evidence identifying a number
of nuclei in the brain and peripheral nerves from which
synaptic excitation of RVLM neurons can be achieved
following electrical or chemical stimulation (1). Although a
number of brainstem regions, when activated, cause sym-
pathetic activation via RVLM, few regions may provide a
tonic excitatory drive to the RVLM neurons to support their
activity. It is well known that the PVN, the pontine reticular
formation and the CPA provide a tonic drive to the RVLM
(15). Our hypothesis in this brief review is that the CPA is a
major source of tonic excitatory drive to the RVLM.
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The CPA was discovered in cats by Feldberg and Guert-
zenstein (19). They described a region in the cat under deep
anesthesia with chloralose that was located caudal to the
depressor region of the CVLM that presented the same
characteristics as the RVLM. Stimulation and inhibition of
this region caused an increase and a decrease in blood
pressure, respectively. The authors suggested that the CPA
appears to be responsible for maintaining arterial blood
pressure and sympathetic vasomotor tone during deep an-
esthesia. Later, Gordon and McCann (20) described the
same region in urethane-anesthetized rats in which gluta-
mate microinjection into the CPA caused an increase in
blood pressure. An interesting finding described by Gordon
and McCann was that the cardiovascular responses elicited
by the CPA were mediated by the RVLM.
In anesthetized rats, bilateral inhibition of the CPA by
GABA or glycine decreases blood pressure by 30-40 mmHg
(21). In rabbits, CPA inhibition caused a similar decrease
in arterial pressure and almost abolished renal sympa-
thetic nerve activity (22). Furthermore, bilateral microinjec-
tions of kynurenic acid into the CPA reduced the pressor
response to stimulation of nucleus raphe obscurus (23).
These data suggest that the CPA is important for maintain-
ing the sympathetic vasomotor tone.
In conscious rats, unilateral L-glutamate microinjec-
tions into the CPA caused a dose-dependent increase in
arterial pressure and respiratory rate. These responses
were markedly attenuated by subsequent urethane anes-
thesia of the same animal (24).
The fall in arterial pressure during CPA inactivation is in
part mediated by a decrease in RVLM activity. It was
shown in barosensitive and reticulospinal RVLM sympa-
thetic premotor neurons that there is an inhibition of ap-
proximately 40% in the firing rate of RVLM neurons during
unilateral or bilateral microinjection of glycine into the CPA
(15). The low-frequency RVLM neurons were the most
affected. It is possible that the faster firing RVLM neurons
receive more excitatory drive from sources other than the
CPA, such as the paraventricular nucleus of the hypothala-
mus, and this may contribute to their higher resting activity.
The location of the CPA in the medulla is less precise
than the RVLM and was defined by Sun and Panneton
(25), using glutamate microinjections to map the region.
They defined that the CPA neurons are located lateral to
the caudal end of the lateral reticular nucleus and ventro-
medial to the medullary dorsal horn near the level of the
pyramidal decussation. They also showed that CPA sends
projections to the RVLM and to the CVLM. The anatomical
projections from the CPA to other nuclei in the ventrolateral
medulla probably mediate the cardiovascular actions from
this region. In fact, blockade of glutamatergic and GABA-
ergic synapses within the CVLM impairs cardiovascular
responses to CPA inhibition and stimulation, respectively
(21,26). Another possible mechanism was proposed by
Natarajan and Morrison (27), who suggested that the
pathway from CPA to RVLM involves glutamatergic activa-
tion within the CVLM. A possible pathway from CPA to
other brainstem nuclei cannot the excluded, projections to
pontine A5 cells and to the RVLM can also be involved in
the cardiovascular responses mediated by the CPA. Re-
cently, Carolina Takakura et al. (28) reported that the
excitatory responses mediated by the CPA are in part
dependent on the commissural nucleus of the tractus
solitarius. Therefore, it is possible that the commissural
nucleus of the tractus solitarius is part of the circuitry acti-
vated by the CPA to induce cardiovascular responses. Fig-
ure 1 shows the possible pathways by which CPA neurons
could control sympathetic vasomotor sympathetic activity.
A projection from the CPA to the preganglionic neurons
in the spinal cord was recently described; however, if this
cell group has any direct influence on sympathetic vaso-
Figure 1. Schematic representation of pathways by which the
caudal pressor area (CPA) can interfere with the sympathetic
vasomotor tone. RVLM = rostral ventrolateral medulla; CVLM =
caudal ventrolateral medulla; NTS = nucleus of the tractus solita-
rius; IML = intermediolateral column; NA = nucleus ambiguus.
Dotted line = GABAergic projection; continuous line = glutama-
tergic projection; dashed line = modulatory projections; dash-dot
line = cholinergic projections.
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motor tone, acting as a sympathetic premotor group, re-
mains to be determined (29). Apparently, the actions of the
CPA depend on the RVLM, inhibition of the RVLM blocks
the cardiovascular responses mediated by the CPA. How-
ever, inhibition of the CPA does not block the cardiovascu-
lar actions mediated by the RVLM (20,21). These data
suggest that there is probably a hierarchy between these
two regions, with a dominant role of the RVLM.
CPA activation by glutamate causes a large increase in
the renal sympathetic nerve activity, compared to that in
response to RVLM stimulation. We showed that the sym-
pathetic responses mediated by the CPA are not different
in magnitude from those induced by the RVLM. However,
the action of the CPA on sympathetic drive has weaker
baroreceptor modulation compared to the responses me-
diated by the RVLM (30).
The effects of CPA inhibition on ongoing sympathetic
nerve activity were first reported by Horiuchi and Dampney
(31) in rabbits. They described a dramatic fall in renal
sympathetic nerve activity in response to CPA inhibition,
an effect similar to that observed during RVLM inhibition.
These data indicate that this region can modify sympa-
thetic nerve activity (excitatory and inhibitory actions) as
much as the RVLM.
The decrease in blood pressure in response to CPA
inhibition by GABA microinjection was mainly due to a
decrease in cardiac output, there was a non-statistically
significant trend to a decrease in the vascular resistance,
as shown in Figure 2. However, during inhibition of the
RVLM there was a significant decrease in both, cardiac
output and in the total peripheral resistance (Figure 2).
Despite the fact that the cardiovascular responses medi-
ated by the CPA and RVLM are similar, the physiological
role of the CPA is not well defined. An action in the
physiology of nociception was proposed (32). However,
the possibility that the CPA is part of the rostral continua-
tion of a population of cervical neurons that can control
sympathetic nerve activity (33) or part of the lateral CVLM
cannot be excluded and remains to be elucidated.
More recently, a novel pressor area at the medullo-
cervical junction was described (34). Chemical stimulation
of a region extending from the most caudal ventrolateral
medulla into the upper cervical spinal cord evoked large
sympathetically mediated pressor responses. This re-
sponse was not dependent on the integrity of the RVLM
and the region was denoted as the medullo-cervical pres-
sor area (MCPA). This region is probably distinct from the
CPA and the role of this novel descending sympathoexci-
tatory region in central cardiovascular regulation remains
to be elucidated.
Taken together, these data suggest that an important
fraction of resting activity of sympathetic premotor neurons
of the RVLM depends on a synaptic drive from the CPA.
However, there is no information on what drives the CPA
neurons.
Perspectives
It is well known that the ventrolateral medulla contains
the principal premotor neurons involved in the modulation of
sympathetic vasomotor tone and arterial blood pressure.
There is increasing evidence to support the view that in-
creased sympathetic nerve activity plays an important role in
the pathogenesis of arterial hypertension (35). Therefore,
changes in the excitatory and/or inhibitory neurotransmis-
sion within the ventrolateral medulla might constitute a mech-
anism that is essential for the development and mainte-
nance of hypertension. The mechanisms by which the RVLM
and the sympathoexcitatory neurons located in the caudal
end of the ventrolateral medulla (CPA and MCPA) interact to
control the sympathetic vasomotor tone in normotensive
and hypertensive subjects remain to be determined.
Figure 2. Effect of GABA microinjection into the rostral ventrolat-
eral medulla (RVLM) or into the caudal pressor area (CPA).
GABA, 50 nmol/100 nL bilaterally into 6 rats for each region. Data
are reported as means ± SEM. Rats were anesthetized with
urethane (1.2 g/kg, iv). Dark gray columns = basal conditions;
light gray columns = experimental conditions. MAP = mean arte-
rial pressure; CO = cardiac output; TPR = total peripheral resis-
tance. *P < 0.05 compared to basal conditions (unpaired Student
t-test).
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